Medical errors, including errors that occur in the clinical laboratory, contribute to increases in health care costs, morbidity, and mortality. Many measurements of laboratory quality are monitored to reduce the risk of error, including laboratory quality indicators such as internal quality control, quality assurance, turnaround time, sample labeling error rates, sample collection error rates, staffing mix, personnel credentials, training and experience, and consumer satisfaction surveys. Although no ideal laboratory quality indicator exists, performance on proficiency testing (PT) surveys provides one measurable outcome of laboratory personnel performance. 1,2 PT is an external quality control tool for which the goal is to determine the clinical acceptability of laboratory results. 3, 4 As the scope of laboratory analysis becomes increasingly diverse, the value of qualified testing personnel remains a significant quality issue. Consideration of personnel credentials becomes a more critical issue with anticipated retirements of experienced professionals in the upcoming years and the declining number of graduates from accredited clinical laboratory programs. The purpose of this study was to investigate the relationship between the credentials of laboratory personnel and performance on PT surveys. The unit of study was individual testing personnel. Credentials chosen for investigation included the level and type of education, years of laboratory experience, and certification.
The influence of the training, experience, and credentials of testing personnel in the increasingly complex laboratory is a significant concern. A retrospective study compared the relationship of proficiency testing (PT) performance with the credentials of the testing personnel using logistic regression analyses. Predictor variables included the
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PT performance has been used as an analytic outcome in several earlier studies to assess personnel standards. [5] [6] [7] The results from PT surveys have been used to identify issues in analytic performance and have been shown to reflect the quality of patient specimen testing. 8, 9 Thus, PT is considered a useful indicator of laboratory performance.
Commutability and matrix effects are limitations in using PT as a quality indicator. Commutability is the property of stabilized PT material to have the same numeric relationship among methods as observed for native patient specimens. Matrix effects may cause survey materials to react differently from patient specimens in a specific test system. The commutability limitation is accommodated by most PT programs by using peer group evaluation. Thus, performance of an individual laboratory is considered acceptable if it conforms to the peer group performance; and this evaluation procedure has been considered a reliable measure of laboratory consistency and acceptable quality. 3 The goal of the study was to determine if the generation of acceptable PT results was related to the credentials of the testing personnel.
Materials and Methods
The study design was a retrospective review of existing PT scores. ❚Table 1❚ lists the PT surveys and providers included in the study. The dependent variable was the PT survey result and was reported as acceptable or unacceptable based on the criteria established in the Clinical Laboratory Improvement Amendments of 1988 (CLIA) regulations (common to all providers in the United States) or by the PT provider for analytes not regulated by CLIA. The independent variables used in the study were the demographics and credentials of the testing personnel, including degree, college major, years of clinical experience, and national certification. For purposes of this study, having a clinical laboratory major included personnel who completed programs in clinical laboratory science (CLS) at the CLS/medical technology (MT) or clinical laboratory technician (CLT)/medical laboratory technician (MLT) level. For the category of certification, personnel who had obtained certification by the ASCP or the National Credentialing Agency for Laboratory Personnel at the levels MLT/CLT and MT/CLS in generalist, specialist, or categorical classification were considered certified. Data for years of clinical experience were collected as a continuous variable and then collapsed into 4 categories (≤2 years, 3-10 years, 11-20 years, and >20 years). The dependent variable was the number of PT survey event results recorded as acceptable from the existing PT database.
This study was performed in 2 phases, a pilot study and an expanded study. The sample for the pilot study was obtained from a single academic institution, Virginia Commonwealth University Medical Center, Richmond, that performed 4.2 million tests in 2002. There were 185 clinical laboratory practitioners included in the pilot study and 3,093 valid PT results from surveys completed and reported in 2002. The research design and data collection processes were not modified for the expanded study; thus, it was decided that the pilot study data would be merged with the data from the expanded study. Also, the types of proficiency surveys included were very similar in content from both phases of the study.
The sample for the expanded study included 6 clinical laboratories in northeastern Ohio and western Pennsylvania, with 3 hospital laboratories, 2 physician office laboratories, and 1 reference laboratory represented in the analysis. The 3 hospital laboratories performed waived, moderately complex, and highly complex analyses that ranged between 685,000 and more than 1.5 million tests annually (2003) . The physician office laboratories also performed waived, moderately complex, and highly complex testing, with a range of 183,000 to 253,000 annual tests. The reference laboratory performed moderately complex and highly complex testing and more than 600,000 annual tests in 2003. Thus, in the expanded study, 174 laboratory practitioners and 11,689 valid PT results from surveys completed and reported in 2003 were included in the final analysis.
The data reported herein represent combined analyses from the pilot and expanded studies, which provided a sample size of 359 laboratory professionals and 14,782 PT results. Combining the data provided a more diverse demographic sample from 2 geographic regions. The ability to combine the data was based on the independent analyses of the data from both studies, which generated the same model of best fit. In addition, the percentage of unacceptable results in the expanded and pilot studies were comparable, 1.0% and 1.1%, respectively.
Logistic regression analysis using SPSS software (SPSS, Chicago, IL) was used to predict the probability of an acceptable or unacceptable PT result based on the credentials of the testing personnel. The 4 predictor variables (degree, major, certification, and clinical experience) were entered as categorical variables against the dichotomous dependent variable, result acceptable or not acceptable. By using multivariate logistic regression analysis, the significance of each categorical variable was obtained, and odds ratio statistics were computed with the effects of the other variables controlled. PT results that were "not graded" or reported as "no consensus" were not included in the study.
Results
Frequencies of all independent variables for personnel demographics and the number and frequency of PT results completed by each demographic category were determined. PT errors were also categorized by type and summarized according to degree, college major, certification, and years of clinical experience, as shown in ❚Table 2❚.
Demographic data are summarized in ❚Table 3❚. There were 359 individual laboratory practitioners in the study, of whom 245 (68.2%) majored in a CLS. Of the participants, 279 (77.7%) held a bachelor degree and 283 (78.8%) were certified. There were 132 (36.8%) participants with more than 20 years of laboratory experience. However, most of the testing was performed by certified personnel (85.3%) who had majored in a clinical laboratory program (74.3%). Personnel with more than 20 years of experience performed more than 50% of the testing.
Of the PT results, there were 14,326 valid results of the 14,782 tests performed. Valid cases were those results that remained after cases were deleted for which there was no target value and, thus, were not graded by the PT provider. Multivariate logistic regression analysis of the complete model showed statistical significance (N = 14,326; χ 2 = 23.796; P = .001). ❚Table 4❚ shows a summary of the logistic regression. Statistical significance for the predictor variables clinical laboratory major (P = .035) and years of experience (P = .042) was found. The practitioners without a clinical laboratory major were more likely (adjusted odds ratio, 1.638; P = .035) to produce unacceptable PT results compared with personnel with a clinical laboratory major. This result suggests that laboratory testing personnel with a clinical laboratory major have a higher probability of producing acceptable results than do personnel with a non-clinical laboratory major. Personnel with 2 years or less of experience (P = .043) had almost twice the odds (adjusted odds ratio, 1.849) of producing an error compared with personnel with more than 20 years of experience. Neither certification (P = .548) nor level of education (P = .683) were statistically significant predictors of acceptable PT performance.
Discussion
Key conclusions of the study include the significance of a CLS education and experience in the prediction of successful PT performance. Participants with a CLS major and more than 2 years of experience produced a significantly higher percentage of acceptable results compared with less experienced participants or participants without a CLS major. These results suggest that to maintain quality and minimize laboratory errors, clinical laboratories should hire staff who have completed an accredited MT/CLS or MLT/CLT program, rather than laboratory professionals with other educational backgrounds.
In this study, personnel with more than 20 years of experience comprised 37.9% of the testing personnel and produced 52.6% of the results. The process to replace veteran laboratory professionals with newly hired personnel may be more efficient if there is an opportunity for experienced personnel to mentor students and new employees. The anticipated increased retirements of laboratory professionals in the years ahead will lead to a higher percentage of professionals with less than 2 years of experience and fewer experienced staff to mentor new hires. As retirements continue, the laboratory will continue to experience declining numbers of qualified personnel.
The number of viable accredited laboratory programs in CLS/MT has dramatically declined in the United States during the past 27 years. The number of CLS/MT graduates peaked in the late 1970s with more than 6,500 graduates in 1977. In 1988, more than 450 National Accrediting Agency for Clinical Laboratory Sciences (NAACLS) CLS/MT programs existed. By 1994, this number had declined to 383. While the number of educational program closures has declined recently, there are currently only 226 NAACLS-accredited CLS/MT programs. 10, 11 Although there has been a slow but steady increase in the number of CLS/MT graduates in recent years, there were only 2,706 graduates in 2008. There were 13 An interesting observation was no statistically significant difference in PT performance between certified and noncertified personnel. However, it must be remembered that certification examinations are tests of cognitive skill, not psychomotor skill. The data from this study reinforce the notion that hands-on practice in the laboratory is important for the development of proficiency.
Limitations of the study included use of only 2 years of PT data and a small number of institutions from limited geographical regions. The high percentage (78.8%) of certified personnel may not typify laboratory professionals in other regions. The study was not able to discriminate the certification of personnel at the baccalaureate level MT/CLS from certification of personnel at the associate degree level MLT/ CLT. Also, not all laboratory professionals in the sampled laboratories participated in the PT process. Finally, bias due to repeated measures from using the same subjects for multiple analyses within the study could not be avoided.
PT results have potential limitations as quality indicators. PT samples are easily recognized as PT surveys and could receive special treatment by laboratory personnel. CLIA regulations require PT samples to be measured in the same manner as native patient samples, and, in principle, special handling should not be a factor. Other aspects of PT testing such as reconstitution of lyophilized samples and result reporting that is different from the typically more automated reporting of patient results can contribute unique sources of error in PT results. While laboratory errors occur in the preanalytic and postanalytic phases of testing, 14 PT testing primarily measures the analytic phase of laboratory testing. Some postanalytic issues in PT reporting such as transcription errors may reflect similar errors in patient testing. In addition, because PT was not limited to a single provider, peer group stratifications and definitions may have influenced the pass rate in different programs.
Completion of a formal clinical laboratory science program was an important contributor to producing quality laboratory results in this study. Also, experienced practitioners had fewer errors in PT results. A challenge exists to sustain the number of experienced laboratory practitioners who have had formal CLS education in the light of retirements and declining numbers of graduates. 
